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Description 

[0001] This invention relates to methods of determin- 
ing a data rate. 

[0002] In wireless communication systems based on 
Code Division Multiple Access (CDMA), there is a need 
to integrate real-time circuit switched services, such as 
voice services, and non-realtime best-effort packet data 
services on a same frequency carrier. An extensive 
amount of work has been done to design systems that 
are optimized to support either real-time circuit switched 
services or non-real time best-effort packet data servic- 
es. Currently, for most efficient resource utilization, the 
different services are provided on separate frequency 
carriers. However, providing the different services on 
separate frequency carriers makes it difficult to support 
simultaneous real-time circuit switched and non-real 
time best-effort pack data services for a same user. The 
obstacle preventing both types of services from being 
efficiently provided via a same frequency carrier is the 
limited amount of available transmit power per base sta- 
tion, as will be described herein. 
[0003] FIG. 4 depicts a wireless communication sys- 
tem 1 0 employing CDMA techniques. The wireless com- 
munications system 10 comprises a mobile switching 
center (MSC) 12 and a plurality of base stations (BS) 
14-/ connected to the MSC 12. Each of BS 14-Ahas a 
maximum amount of available power for forward 
link or downlink transmissions to mobile-telephones 
(MT), such as mobile-telephones within an asso- 
ciated geographical coverage area referred to herein as 
cell 1 8-/. For illustrative purposes, cells 1 8-/ are depicted 
as circular in shape with base stations 14-/ centrally po- 
sitioned. It should be understood that cells 1 8-/may also 
be non^circular in shape (e.g., hexagonal) with the base 
stations positioned non-centrally. 
[0004] Second generation CDMA based wireless 
communication systems were optimized to support 
voice services. The systems utilize frame delivery over 
dedicated channels (or in other words, real-time circuit 
switched services) with very low delay and jitter to sup- 
port voice services. In second generation CDMA based 
wireless communication systems, the forward link com- 
prises a plurality of signals which have been combined 
and modulated onto a frequency carrier, wherein the 
plurality of signals includes a pilot signal, control signals 
and voice signals. The pilot and control signals are 
transmitted over a pilot channel and control channels 
defined by Walsh codes W plto , and W contro ,. cc at fixed 
transmit powers Pp, lct and P^troi-cc. respectively, 
wherein P^ and P rortroh cc are fixed percentages of 
P and "cc" denotes a specific control channel. Note 
thaUhe pilot channel is always active because, in sec- 
ond generation CDMA systems, the pilot, signal is a con- 
tinuous pilot signal. By contrast, the control channels are 
not always active. 

[0005] The voice signals are transmitted over traffic 
channels defined by Walsh codes W^^ at transmit 



power Pvoico-tc- where "te" denotes a specific traffic 
channel . The transmit power P vota> .tc ° f tne voice signals 
are dynamically power controlled based on users to 
which the associated voice signals are intended. 
5 [0006] The fundamental objective of power control is 
to set the voice transmit power P votee . te such that a de- 
sired quality of service (QOS) is obtained at a receiver 
for the associated voice signal. Power control comprises 
of outer and inner power control loops. Outer power con- 
10 trol loops involve, for each traffic channel, setting a tar- 
get signal-to-interference ratio (SIR) or other target con- 
trol threshold that will achieve a desired frame error rate 
(FER) or other QOS parameter at the intended receiver 
for the voice signal. By contrast, inner power control 
is loops involve, for each traffic channel, manipulating 
transmit power at the transmitter according to the target 
SIR set by the outer power control loop. Specifically, the 
inner power control loop measures SIR at the receiver 
over a time interval referred to herein as a power control 
20 group (PCG). If the measured SIR is greater than the 
target SIR, the receiver transmits power control bits on 
the reverse link or uplink indicating to the transmitter to 
increase its transmit power an up transmit step size, By 
contrast, if the measured SIR is less than the target SIR, 
25 the receiver transmits power control bits indicating to the 
transmitter to decrease its transmit power a down trans- 
mit step size. This manipulation of power ensures that 
the SIR at the receiver is at or near the target SIR in 
order to achieve the desired QOS at the receiver. Note 
30 that power control may also be applied to signals other 
than voice. 

[0007] FIG. 5 depicts a chart 19 illustrating forward 
link transmit power P fl versus time at BS 14-/ for a for- 
ward link comprising pilot, control and voice signals, 
35 wherein forward link transmit power P fl is the sum of the 
transmit powers of the signals comprising the forward 
link, i.e., PB=IP pW +PeonW<c +p voi«»*- Notethatthe pi- 
lot transmit power P pitot is fixed because the pilot signal 
is continuously being transmitted over the pilot channel 
40 at a fixed transmit power. By contrast, the combined 
control and voice transmit powers P^roi-cc and p vofce-tc 
is variable for a number of reasons: the control and traf- 
fic channels are not always active; the traffic channels 
are dynamically power controlled; and traffic channels 
45 are being added and dropped as calls to mobile-tele- 
phones are being completed and terminated. The for- 
ward link transmit power P fl preferably should not ex- 
ceed the maximum transmit power at BS 14-/ otherwise 
calls may be dropped due to a number of reasons, such 
so as degradation in quality. 

[0008] In third generation CDMA based wireless com- 
munication systems, data services have been added. 
Data services differ from voice services in a number of 
manners. Voice services utilize real-time circuit- 
55 switched services in which channels are dedicated. Re- 
al-time circuit switch services involve frame delivery with 
very low delay and jitter. Typically, retransmissions are 
not allowed and the quality of voice signal transmissions 
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are controlled very tightly through dynamic power con- 
trol. By contrast, data services utilizes best-effort, non- 
real time packet data services which do not place strin- 
gent requirements on delay and jitter. Data signals are 
transmitted using time-slotted transmissions on shared 5 
channels. Retransmissions are utilized to achieve ex- 
tremely reliable data delivery while compensating for in- 
stantaneous physical layer losses due to fading. 
[0009] There are currently two manners of implement- 
ing data services with voice services. The first proposal n 
has been incorporated into the well known third gener- 
ation CDMA standard (hereinafter referred to as 3G-1 x), 
and involves providing data services using a same fre- 
quency carrier as the one on which the voice services 
are provided. The second proposal has been incorpo- * 
rated into the well known data only evolution of the third 
generation CDMA standard (hereinafter referred to as 
3G-1x EVDO), and involves providing data services us- 
ing a different frequency carrier than the frequency car- 
rier on which the voice services are provided. * 
[0010] Both 3G-lx and 3G-lx EVDO utilize measured 
SIR at the receivers or mobile-telephones 1 6-/fto control 
a parameter associated with the transmission of data 
from BS 14-/. Specifically, in 3G-1x, data is transmitted 
at fixed data rates utilizing measured SIR to control ■ 
transmit power levels and, in 3G-1 x EVDO, data is trans- 
mitted at fixed transmit power levels utilizing measured 
SIR to control data rates. Thus, data services in 3G-1x 
is similar to voice services in that both services are pow- 
er controlled, whereas data services in 3G-1x EVDO is 
"rate controlled." 

[0011] In 3G-1x, voice and data services are provided 
using a same frequency carrier. That is, the voice and 
data signals are parts of a single forward link, wherein 
the data signals are transmitted over data channels de- 
fined by Walsh codes in the forward link at transmit pow- 
er P^dc and "dc' denotes a specific data channel. Da- 
ta is transmitted over dynamically power controlled data 
channels at fixed data rates such that the forward link 
has an associated SIR at the receiver which is at or near 
a target SIR. Without decreasing the number of availa- 
ble voice channels at BS 1 4-/, the addrtion of data chan- 
nels at BS 1 4-/can cause the forward linktransmit power 
P f , to, at times, exceed the maximum transmit power 
P max at BS 14-/ due to the dynamics of power control. 
SeeFIG. 6, which depicts a chart 20 illustrating forward 
link transmit power P fl versus time at BS 14-/ for a for- 
ward link comprising pilot, control, voice and data sig- 
nals, i.e., P f p2:P p iiol+ P cortfol-oc +P voice^c +P datfl-<lc- 
[0012] In 3G-1x EVDO, voice and data services are 
provided using separate frequency carriers. That is, the 
voice and data signals are transmitted over separate for- 
ward links defined by different frequency carriers. Data 
is transmitted over data channels at fixed data transmit 
powers P^te^c but at variable data rates. Specifically, 
measured SIR at the receiver is used to determine a da- 
ta rate which can be supported by the receiver. Typically, 
the determined data rate corresponds to a maximum da- 



ta rate at which a minimum level of quality of service can 
be achieved at the mobile-telephone. Higher measured 
SIR translates into higher data rates, wherein higher da- 
ta rates involve higher order modulation and weaker 
coding than lower data rates. For example, if measured 
SIR at the receiver is 12 dB and -2dB at two different 
receivers, then the data rates may be 2.4 mbs and 38.4 
kbs at each of the respective receivers. See FIG. 7, 
which depicts a chart 30 illustrating forward linktransmit 

o power P n versus time at BS 1 4-/ over a data only fre- 
quency carrier, where Pfr £P data-dc 
[0013] However, the use of different frequency chan- 
nels for voice and data services makes it difficult to sup- 
port simultaneous real-time circuit switched services 

5 and non-real time best-effort packet data services for a 
same user. Significant changes to network architecture 
would be required. Accordingly, there exist a need to in- 
tegrate voice and data services onto a same frequency 
channel. 

?o [0014] W0 9923844 discloses a data communication 
system capable of variable rate transmission in which 
data transmission on the forward link is time multiplexed 
and the base station transmits at the highest data rate 
supported by the forward link at each time slot to one 
25 mobile station. The data rate is determined by the larg- 
est C/l measurement of the forward link signals as 
measured at the mobile station. 
[001 5] US-A-5745480 discloses a multi-rate wireless 
communications system that supports a plurality of dis- 
30 tributed userterminals in full-duplex simultaneous com- 
munications with a central base station, where each us- 
er terminal is provided on demand with one of multiple 
bit rates at a negotiated QOS. Each user is assigned a 
variable bit rate, a variable processing gain, a variable 
35 transmit power and a unique fixed rate spreading code, 
resulting in a constant bandwidth signal received at a 
relative power level corresponding to the negotiated 
QOS. This application can be applied to systems includ- 
ing wireless local loop and mobile cellular. By adjusting 
40 signal energy and interference energy, variable bit rates 
and negotiated QOS parameters can be supported. The 
forward link between base-station and user terminal, 
and the reverse link between the user terminal and 
base-station, can correspond to either a Frequency Di- 
45 vision Duplexing (FDD) arrangement where the forward 
and reverse links occupy different carrier frequencies 
but overlap in time, or a Time Division Duplexing fTDD) 
arrangement where the forward and reverse links occu- 
py the same earner frequency but are in non-overiap- 
50 ping time intervals. 

[0016] According to a first aspect of this invention 
there is provided a method as claimed in claim 1 . 
[0017] According to a second aspect of this invention 
there is provided a method as claimed in claim 11 . 
55 [001 8] The present invention integrates voice and da- 
ta services onto a same frequency channel using avail- 
able transmit power information to determine data rates, 
wherein the available transmit power information indi- 
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cates an amount of transmit power available for future 
data transmissions over one or more data channels. In 
a "distributed" embodiment, a transmitter or base station 
transmits, via a forward link, an available power mes- 
sage to a receiver or mobile-telephone indicating an 
amount of available transmit power at some future time 
t+z. The mobile-telephone performs signal-to- interfer- 
ence measurements corresponding to the received for- 
ward link and received interference, and uses such sig- 
nal-to-interference measurements and the available 
power message to determine a data rate that can be 
supported by the mobile-telephone. Preferably, the de- 
termined data rate corresponds to a maximum data rate 
at which a minimum level of quality of service can be 
achieved at the mobile-telephone. In a "centralized" em- 
bodiment, the mobile-telephone transmits the signal-to- 
interference measurements to the base station, and the 
base station determines the data rate based on the 
available transmit power at future time t+z. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0019] The features, aspects and advantages otthe 
present invention will become better understood with re- 
gard to the following description, appended claims, and 
accompanying drawings where: 

FIG. 1 depicts a time line illustrating power control 
over the forward link; 

FIG. 2 depicts a flowchart illustrating a "distributed" 
manner of dynamically controlling data rate ; 
FIG. 3 depicts a time line illustrating rate control 
over the forward link; 

FIG. 4 depicts a wireless communication system 
employing CDMA techniques; 
FIG. 5 depicts a chart illustrating forward link trans- 
mit power versus time for a forward link comprising 
pilot, control and voice signals; 
FIG. 6 depicts a chart illustrating forward link trans- 
mit power versus time for a forward link comprising 
pilot, control, voice and data signals; and 
FIG. 7 depicts a chart illustrating forward link trans- 
mit power versus time over a data only frequency 
carrier. 



DETAILED DESCRIPTION 

[0020] The present invention integrates voice and da- 
ta services onto a frequency channel using available 
transmit power to determine data rates, wherein pilot, 
control, voice and data signals are parts of a single for- 
ward link associated with the frequency channel. In the 
present invention, voice services and other real-time cir- 
cuit switched services, such as video, are dynamically 
power controlled to achieve a desired quality of service. 
By contrast, data services and other non-real time best- 
effort packet data services are rate controlled based on 
available transmit power. The present invention will be 



described herein with reference to forward link transmis- 
sions and to wireless communication systems based on 
CDMA technology transmitting a continuous pilot. It 
should be understood that the present invention is also 
5 applicable to reverse link transmissions and to wireless 
communication systems based on other multiple access 
technologies. 

[0021 ] Voice services are dynamically power control- 
to [0022] In the forward link, at time instant f, the base 
station transmits a voice signal to a mobile-telephone 
over a dedicated traffic channel at transmit power 
P volce . ta (r), wherein "to" denotes a specific traffic channel 
associated with the mobile-telephone to which the voice 
is signal is intended. See FIG. 1 , which depicts a time line 
90 illustrating power control over the forward link. The 
forward link being associated with a frequency carrier 
and the traffic channel being defined by Walsh codes 
W tc . At time instant r, the base station transmits a for- 
20 ward link signal. At time instant t+b, the mobile-tele- 
phone measures signal-to- interfere nee ratio corre- 
sponding to the received forward link and the total re- 
ceived interference l 0 , hereinafter referred to as SI 0 R, 
over a time interval referred to herein as a "power control 
25 group." For purposes of this application, the term signal- 
to-interference ratio or similar ratio should be construed 
to include signal-to-interference ratio, carrier-to-interfer- 
ence ratio, signal-to-noise ratio, carrier-to-noise ratio, 
energy-per-bit-to-interference ratio or other simitar 
30 measurements. 

[0023] Based on the measured SI 0 R and a target SI 0 R 
associated with the mobile-telephone, at time t+c, the 
mobile-telephone transmits a power control message 
(or power control bits) to the base station indicating to 
35 the base station whether to increase or decrease the 
transmission power for its associated traffic channel, 
wherein the target SI 0 R corresponds to a desired quality 
of service for the mobile-telephone. At time instant t+y, 
the base station receives the power control message (or 
40 bits) . At time instant t+x, the base station transmits the 
voice signal to the mobile-telephone at transmit power 
F>voice-tc(M via the forward link, where P V0 , C e-tc( r+x ) is 
based on the power control message. Note that forward 
link transmit power P fl varies at a rate based on the du- 
45 ration of the power control group, and that the duration 
between time instant f and time instant t+x is referred to 
herein as a "power control loop," i.e., the power control 
loop spans a duration x. 

[0024] Data services are dynamically rate controlled 
so based on available transmit power and measured 
signal-to-interference ratio. FIG. 2 depicts a flowchart 
100 illustrating a "distributed" manner of dynamically 
controlling data rate, i.e., data rate is determined by 
mobile-telephones. In step 110, at time instant t+u, the 
55 base station predicts a future available transmit power 
Pava)Kfc(r + z) for time instant t+z at the base station for 
a data channel dc in the forward link, where u is greater 
than or equal to zero and z is greater than u. See FIG. 
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3, which depicts a time line 92 illustrating rate control 
over the forward link. The manners in which the present 
invention predicts future available transmit power 
P avaiVdc (f+z) will be discussed later herein. 
[0025] In step 1 20, at time instant f+v, the base station 
transmits an available power message to mobile-tele- 
phones within its associated cell (and, perhaps, in 
neighboring cells) to indicate the predicted future avail- 
able transmit power P ava iWc(M for the data channeL 
The available power message being transmitted on a 
forward link channel and may also include an indication 
of time instant t+z. In one embodiment, the available 
power message is transmitted on a forward link control 
channel, such as a forward link broadcast channel, or a 
forward link burst pilot channel. In step 130, at time in- 
stant t+w, the mobile-telephone receives the available 
power message and measures the SI 0 R. Note that the 
mobile-telephone may receive the available power mes- 
sage and measure the SI 0 R at different time instants. In 
step 140, at time instant t+s, the mobile-telephone de- 
termines a data rate based on the available power mes- 
sage and measured SI 0 R. Preferably, the determined 
data rate corresponds to a maximum data rate at which 
a minimum level of quality of service can be achieved 
at the mobile-telephone 

[0026] In one embodiment, data rate Is determined di- 
rectly from measured SI 0 R. That is, the measured SI Q R 
is translated into a data rate by the mobile-telephone. 
For example, there is a one-to-one mapping between 
SI 0 R and data rate, or an equation or algorithm is used 
to translate SI C R to data rate. In another embodiment, 
data rate is determined using signal-to-interference ratio 
corresponding to the received forward link and interfer- 
ence not caused by the cell from which the received for- 
ward linkwas transmitted, hereinafter referred to herein 
as other-cell interference SI^R. Specifically, other-cell 
interference is equal to interference caused by the 
transmission of signals by other cells and spurious 
noise, or to the total received interference l 0 less same 
cell interference l^, wherein same cell interference l^ 
corresponds to the signal strength of the received for- 
ward link. 

[0027] In one embodiment, the available power 
message indicates a ratio or fraction between pilot 
transmit power P pnot (0 and forward link transmit power 
P {) (0i i.e., pilot-forward link ratio, on a time slot basis, 
wherein such ratio can be used to predict future 
available transmit power P ava iKic(M usin 9 known pilot 
transmit power P pilot . For example, the pilot-forward link 
ratio indicated in the available power message is 14. If 
the pilot transmit power P pitot is 15% of the maximum 
transmit power P^ and maximum transmit power P max 
is 100 watts, then P pDot is 15 watts, P„ is 30 watts and 
P aval| . dc (f+2) is 70 watts. The available power message 
may, in the alternate or in combination, indicate the pilot- 
forward link ratio for future pilot transmit power P pBo t(M 
and future forward link transmit power P n {t+z). In 
another embodiment, the available power message 



may be a burst pilot signal which is transmitted over the 
data channel at a known percentage of the current or 
future available transmit power level. In this 
embodiment, the received signal strength of the burst 

5 pilot can be used to determine or predict the future 
available transmit power P avaMc (M- 
[0028] The available power message or P^Pf] ratio 
may be encoded using different number of bits corre- 
sponding to allowed quantization levels of the P p \\d p n 

10 ratio. If more bits are used to encode the P p ii<^Pfi ratio, 
the Ppitof/Pfl ratio can be more granular (thus, more ac- 
curate data rate prediction). However, the transmit pow- 
er required for the forward link broadcast channel will 
also be larger in this case. It is also possible to encode 

15 both PpHo/Pfl ratio for a current time slot and a delta be- 
tween the current and a predicted P pno |/ p fi ratio change 
for the next time slot in which data is to be transmitted, 
thereby reducing the overall number of bits used to en- 
coded the PpHe/Pfi ratio. If the data rate loop is tight or 

20 sufficiently fast, the number of bits needed to encode 
delta Pp| tol /P fi ratio would be fewer. 
[0029] In an embodiment, the available power mes- 
sage may also indicate predicted future forward link 
transmit power and/or predicted future data activity or 

25 transmissions of the base station from which the avail- 
able power message was transmitted and/or neighbor- 
ing base stations for time instant t+z. Such predicted fu- 
ture forward link transmit power and data activity infor- 
mation may be used to predict future interference l 0 , 

30 which can then be used to better estimate data rate for 
time instant t+z. 

[0030] In step 1 50, at time instant t+r, the data rate is 
transmitted to the base station via a data rate message 
on a reverse link channel. In one embodiment; the data 

35 rate message is transmitted on a reverse link fast feed- 
back channel. In step 160, at time instant t+q, the base 
station schedules time-slotted data transmissions 
based on the data rate message. In one embodiment, 
the base station schedules time-slotted data transmis- 

40 sions to mobile-telephones capable of receiving data at 
higher data rates before mobile-telephones capable of 
receiving data at lower data rates. In step 170, the data 
is transmitted at time instant t+z. Note that the duration 
between time instant f+wand time instant t+z is referred 

45 to herein as a "data rate loop," i.e., data rate loop is equal 
to z-u. 

[0031] FIG. 2 represents a "distributed" embodiment 
of the present invention in which the mobile-telephones 
perform the translation of measured SI Q R to data rate. 

so in the distributed embodiment, the mobile-telephone is 
operable to translate measured signal-to-interference 
ratio to a data rate, and the base station provides the 
mobile-telephone with all the necessary information to 
perform such translation, e.g., future available transmit 

55 power P ava ii-dc(' +z )- ,n a "centralized" embodiment, the 
translation of measured signal-to-interference ratio to 
the data rate may be performed by the base station. In 
this embodiment, the mobile-telephone transmits the 
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measured SI 0 R to the base stations, and the base sta- 
tion determines the data rate based on the predicted fu- 
ture available transmit power P ava iJ-dc(M and meas " 
ured signal-to-interference ratio. 
[0032] As mentioned earlier, a number of manners 
may be used in performing step 1 1 0, i.e., the base sta- 
tion predicts future available transmit power P ava | Wc 
(f+z). Basically, the predicted future available transmit 
power P aV aihdc( f+z ) is based on the maximum transmit 
power P max associated with the frequency carrier and 
the forward link transmit power P n for the same frequen- 
cy carrier. In one embodiment, the predicted future avail- 
able transmit power P ava j Mc {f+2) is equal to the differ- 
ence between P max and current forward link transmit 

power P„(f), i-e., P aV aJ1-dc(M= Pmax- p fl(0=PavaJI-dc(0- 

[0033] In another embodiment, the predicted future 
available transmit power P^^M is equal to the dif- 
ference between P max and predicted future forward link 
transmit power P fi (t+z). The future forward link transmit 
power Pf,(f+2) may be predicted based on power control 
messages received from mobile-telephones being 
served by the base station and current transmit powers 
P VO ice-tc(0- Specifically, if the data rate loop is faster than 
the power control loop, i.e., (z-u)>x, then it may be pos- 
sible for the mobile-telephones to receive available pow- 
er messages with predicted future forward link transmit 
power P„(f+z) that was based on power control messag- 
es, calculate data rates for time instant f+z, and transmit 
the calculated data rate to the base station just in time 
for the transmit power of power controlled users to be 
adjusted at the base station. Power controlled users be- 
ing users that utilize applications which are delay-con- 
strained real-time services with quasi-circuit switched 
connections that are power controlled, such as voice, 
video, data in 3G-1x, etc. users. By contrast, rate con- 
trolled users are users that utilize applications which are 
delay-tolerant non-real time services with packet 
switched connections that are rate controlled and 
scheduled in best effort manner, such as are data in 3G- 
1x EVDO (web browsing HTTP, FTP, e-mail, etc.). 
[0034] If the data rate loop is not faster than the power 
control loop, i.e., (z-u)<x, then the data rate calculation 
may provide for Epsilon or a margin of error (due to a 
difference between predicted and actual future available 
transmit power), or the base station may correct for er- 
rors in the data rate determination of the mobile-tele- 
phone in some other manner, such as via hybrid ARQ 
or limited blind data rate detection. For example, the 
base station may reserve some transmit power for cas- 
es where actual future available transmit power is less 
than the predicted future available transmit power. In an- 
other example, the base station either relies on retrans- 
missions to correct errors in data rate determination due 
to transmissions at lower power levels than initially de- 
termined, or transmits at a lower rate than that deter- 
mined by the mobile-telephone (and the mobile-tele- 
phone has to determine the actual transmission data 
rate). 



[0035] The present invention will now be described 
with referenced specific embodiments of wireless com- 
munication systems. In a first embodiment, the wireless 
communication system transmits a continuous pilot sig- 
5 nal over a pilot channel. The following is an example 
describing the flow of information exchange and distrib- 
uted processing that may conceivably take place in this 
embodiment. A base station transmits an available pow- 
er message indicating pilot-forward link ration PpnotCV 
w p fl (f), predicted data traffic fraction P av& ^{t+^P n 
(f+Af), and predicted data activity bit FAC(f+Af) over a 
forward link broadcast channel to all mobile-telephones 
to which the base station is linked, wherein predicted 
data traffic fraction is the ratio between predicted future 
15 available transmit power and predicted future forward 
link transmit power, and predicted data activity bit indi- 
. cates whether the base station will be transmitting data 
at time instant f+Af. The term Af represents the time in- 
terval of "look ahead" available to the base station for 
20 predicting the amount of transmit power utilized by the 
power controlled users and, in one embodiment, is on 
the order of a couple of PCGs, wherein the time interval 
of look ahead corresponds to the duration between the 
receipt of power control messages by the base station 
25 and transmissions at power levels based on those re- 
ceived power control messages, i.e., x-y. Note that the 
base station also broadcasts Walsh code information 
anticipated at time instant f+Af such that the mobile-tel- 
ephone knows which Walsh codes to use for decoding 
30 data transmissions. 

[0036] At time instant f, the mobile-telephone meas- 
ures SI 0 R(/,r) of a best serving base station / in an active 
set of base stations, e.g., active set base station with 
the strongest signal strength at the mobile-telephone, 
35 as well as Sl o R(/,0 of neighboring base stations], where- 
in neighboring base stations j includes other active set 
base stations (other than the best serving base station 
<) and, perhaps, candidate base stations. At the same 
time the mobile-telephone reads the data traffic frac- 
40 tions PavaiKic( r+Ar V p fi( r + A 0 and data activity bits FAC 
(f+Af) indicated in available power messages transmit- 
ted by base station / and neighboring base stations j, 
and utilizes this information together with the measured 
SI 0 R(/,f) and Sl o R(/,0 to compute SI 0 R(/, f+Af) and cor- 
45 responding data rate for time instant f+Af based on the 
computed SI 0 R(/,f+Af). For example, if the data activity 
bits FAC(f+Af) indicate that a certain base station will 
not be transmitting data at time instant f+At, then the 
interference attributed to that base station may be low- 
so ered. The mobile-telephone transmits, preferably every 
time slot, the computed data rate to the best serving 
base station /. 

[0037] At the best serving base station /', the mobile- 
telephone computed data rate for time instant f+Af is ad- 
55 justed by base station / according to the error Epsilon 
induced by an imperfect look ahead of the amount of 
transmit power to be utilized by the power controlled us- 
ers. For example, if the actual available future transmit 
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power is less than the predicted future transmit power, 
then the rate at which data is transmitted would be lower 
than what was computed by the mobile-telephone. Op- 
tionally, base station /further backs-off for variations due 
to Doppler shifts and Epsilon, and computes the final 
data rates for each mobile-telephone. Incremental re- 
dundancy techniques (IR) can be used to maintain the 
same information rate but adapt the coding gains in- 
stead, i.e., the back-off can be minimized via efficient IR 
schemes. 

[0038] Base station /schedules one mobile-telephone 
for service at time instant t+At. If the base station com- 
puted data rate differs from the mobile-telephone com- 
puted data rate, base station / indicates the base station 
computed data rate explicitly in a header along with a 
MAC ID via preamble or user code. Alternately, blind da- 
ta rate detection around the data rate that corresponds 
to the mobile-telephone computed data rate may be 
used. Additionally, IR based schemes may be used to 
adapt the code rate to the Epsilon as well as changes 
in the data rate due to channel. In this case, neither ex- 
plicit data rate information nor blind rate detection at MS 
is required, since the mobile-telephone computed data 
rate is maintained. 

[0039] Note that in a centralized embodiment, the mo- 
bile-telephone does not compute the data rates, and 
base station / would compute the data rate based on 
mobile-telephone measured SI 0 R, predicted future 
available transmit power P avalWc (r+Af) and, perhaps, 
predicted data traffic fraction P ava i M c('> A 0/Pfi('> A Q. 
predicted data activity bit FAC(/,f+Af), Doppler shifts, 
etc. 

[0040] In a second embodiment of the present inven- 
tion, the wireless communication system transmits a 
continuous pilot signal over the pilot channel and a data 
activated burst pilot signal, wherein the forward link 
transmit power P n is equal to the maximum transmit 
power P max when the data activated burst pilot signal is 
transmitted. The data activated burst pilot signal being 
transmitted only when there is data to be transmitted. In 
this embodiment, the available power message may not 
be necessary only when the data activated burst pilot 
signal is being transmitted. 

[0041] In a third embodiment of the present invention, 
the wireless communication system transmits a contin- 
uous pilot signal over the pilot channel and a continuous 
burst pilot signal, wherein the forward link transmit pow- 
er P fl is equal to the maximum transmit power P max when 
the continuous burst pilot signal is transmitted. The con- 
tinuous burst pilot signal being continuously transmitted 
(even in the absence of data transmission). In this em- 
bodiment, the available power message can be the con- 
tinuous burst pilot because the future available transmit 
power PavaB-dc^Ar) can be estimated from the received 
signal strength of the continuous burst pilot signal. That 
is, if P^Bot represents the transmit power of the burst 
pilot, Rb-poat represents the received signal strength of 
the burst pilot and R^ represents the received signal 



strength of the pilot, then: 

P^ik rt /P fl=( P fW P fl)*( R b i) ik rt / Rpii 0 t) 

5 

[0042] In yet another, the wireless communication 
system does not transmit a continuous pilot but does 
transmit a common burst pilot to all users periodically at 
known instants of time. Such a common burst pilot can 

10 also be coordinated for simultaneous transmission 
across base stations of a system. In such an embodi- 
ment, the transmittal of the available power fraction and 
data activity to the data users over a broadcast channel 
will be necessary to perform the data rate computation 

is accurately in a distributed (mobile-telephone based) im- 
plementation. This may not be necessary in a central- 
ized implementation wherein the base station translates 
the mobile-telephone measured SIRs into appropriate 
data rates. The accuracy of this translation (or comput- 

20 ing an effective SIR) may be improved to take into ac- 
count the predicted other cell interference levels by ex- 
change of the predicted power fractions and data activity 
bits between neighboring base stations over a fast back- 
haul. However, in such centralized implementations, it 

25 may be necessary in the interest of accuracy for the mo- 
bile-telephone to feedback the SIR it measures from 
each of the base stations in its vicinity that the mobile- 
telephone can possibly be read. 
[0043] Although the present invention has been de- 

30 scribed in considerable detail with reference to certain 
embodiments, other versions are possible. Therefore, 
the scope of the present invention should not be limited 
to the description of the embodiments contained herein. 



Claims 

1 . A method of determining a data rate comprising the 
steps of: 

receiving an available power message at a re- 
ceiver (1 30) indicating future available transmit 
power at a transmitter, wherein the available 
power 

message includes a pilot-forward link ratio, the 
pilot-forward link 

ratio indicating a ratio or fraction between pilot 
transmit power and forward link transmit power; 
performing a signal-to-interference measure- 
ment at the receiver (130) for a signal transmit- 
ted by the transmitter and 
determining a data rate (140) at which the re- 
ceiver can receive data using the future avail- 
able transmit power and the measured signal- 
to- interference ratio. 

2. A method as claimed in claim 1 , wherein the pilot- 
forward link ratio indicates current pilot transmit 
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power and current forward link power. 

3. A method as claimed in claim 1 , wherein the pilot- 
forward link ratio indicates future pilot transmit pow- 
er and future forward link power. 

4. A method as claimed in claim 1 , wherein the avail- 
able power message indicates Doppler effects as- 
sociated with the receiver. 

5. A method as claimed in claim 1 , wherein the avail- 
able power message indicates future data activity 
of the transmitter. 

6. A method as claimed in claim 1 , wherein the avail- 
able power message indicates future data activity 
of other transmitters. 

7. A method as claimed in claim 6, wherein the step 
of determining the data rate comprises the step of 
predicting a future signal-to-interference measure- 
ment using the future data activity of the other trans- 
mitters which may cause interference to data trans- 
missions from the transmitter. 

25 

8. A method as claimed in claim 7, wherein the data 
rate is based on the predicted future signal-to-inter- 
ference measurement. 

9. A method as claimed in claim 1 , wherein the step so 
of determining the data rate comprises the step of 
performing signal-to-interference measurements at 
the receiver for signals transmitted by other trans- 
mitters. 

35 

10. A method as claimed in claim 9, wherein the data 
rate is based on the signal-to-interference meas- 
urements of the other transmitters. 

11. A method of determining a data rate comprising the *o 
steps of: 

transmitting an available power message to a 
receiver (120) indicating future available trans- 
mit power at a transmitter, wherein the available « 
power message includes a pilot-f orward link ra- 
tio, the pilot-forward link ratio indicating a ratio 
or fraction between pilot transmit power and for- 
ward link transmit power; and 
receiving a data rate message transmitted by so 
the receiver (160) indicating a data rate at 
which the receiver can receive data, wherein 
the data rate is based on a signal-to-interfer- 
ence measurement made at the receiver and 
the available power message. 55 



13. A method as claimed in claim 11 comprising the ad- 
ditional step of scheduling data transmissions 
based on the received data rate message. 

14. A method as claimed in claim 1 1 comprising the ad- 
ditional step of adjusting the data rate indicated in 
the received data rate message. 

15. A method as claimed in claim 1 4 comprising the ad- 
ditional step of transmitting data to the receiver at 
the adjusted data rate. 

16. A method as claimed in claim 1 comprising the ad- 
ditional step of transmitting data to the receiver at 
or about the data rate indicated in the received data 
rate message. 



12. A method as 
able power 



in claim 1 1 , wherein the avail- 
is based on power control 



Patentansprttche 

1 . Verfahren zum Bestimmen einer Datenrate, mit den 
folgenden Schritten: 

Empfangen einer Verfugbare-Leistung-Nach- 
richt an einem Empfanger (130), die zukunftig 
verfugbare Sendeleistung an einem Sender 
anzeigt, wobei die Verfugbare-leistung-Nach- 
richt ein Pilotvorwartsstreckenverhaltnis ent- 
halt, das ein Verhaltnis Oder ein en Anteil zwi- 
schen derPilotsendeleistung undderVorwarts- 
strekkensendeleistung anzeigt; 
Ausfiihren einer Signal-St&rleistungsmessung 
am Empfanger (1 30) fur ein vom Sender uber- 
tragenes Signal und 

Bestimmen einer Datenrate (140), mit der der 
Empfanger Daten empfangen kann, unter Ver- 
wendung der zukunftig verfugbaren Sendelei- 
stung und des gemessenen Signal-Storlei- 
stungsverhaltnisses. 

2. Verfahren nach Anspruch 1, wobei das Pilotvor- 
w&rtsstreckenverhaltnis die aktuelle Pilotsendelei- 
stung und die aktuelle Vorwartsstreckenleistung 
anzeigt. 

3. Verfahren nach Anspruch 1, wobei das Pilotvor- 
wartsstreckenverhaltnis die aktuelle Pilotsendelei- 
stung und die zukunftige Vorwartsstreckenleistung 
anzeigt. 

4. Verfahren nach Anspruch 1 , wobei die Verfugbare- 
Leistung-Nachricht mit dem Empfanger verbunde- 
ne Doppler- Effekte anzeigt. 

5. Verfahren nach Anspruch 1 , wobei die Verfugbare- 
Leistung-Nachricht zukunftige Datenaktivitaten des 
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Senders anzeigt. 

6. Verfahren nach Anspruch 1 , wobei die Verfugbare- 
Leistung-Nachricht zukiinftige Datenaktivitaten an- 
derer Sender anzeigt. 

7. Verfahren nach Anspruch 6, wobei der Schritt des 
Bestimmens der Datenrate den Schritt des Vorher- 
sagens einer zukunfti gen Signal-Storleistungsmes- 
sung unter Verwendung derzukunftigen Datenakti- 
vitaten der anderen Sender, die Storungen an an- 
deren Datenubertragungen von dem Sender verur- 
sachen kbnnen, umfaBt. 

8. Verfahren nach Anspruch 7, wobei die Datenrate 
auf dervorhergesagten zukiinftigen Signal-Storlei- 
stungsmessung basiert. 

9. Verfahren nach Anspruch 1 , wobei der Schritt des 
Bestimmens der Datenrate den Schritt des Durch- 
fuhrens von Signal-Storleistungsmessungen am 
Empfanger fur von anderen Sendern iibertragene 
Signale umfaBt. 

10. Verfahren nach Anspruch 9, wobei die Datenrate 
auf den Signal-Storleistungsmessungen der ande- 
ren Sender basiert. 

1 1 . Verfahren zum Bestimmen einer Datenrate, mit den 
folgenden Schritten: 

Ubertragen einer Verfugbare-Leistung-Nach- 
richt zu einem Empfanger (120), die zukunftig 
verfugbare Sendeleistung an einem Sender 
anzeigt, wobei die 

Verfugbare-Leistung-Nachricht ein Pilotvor- 
wartsstreckenverhaltnis enthalt, das ein Ver- 
haltnis Oder einen Anteil zwischen der Pilotsen- 
deleistung und der Vorwartsstreckensendelei- 
stung anzeigt; und 

Empfangen einer vom Empfanger (160) uber- 
tragenen Datenratennachricht, die eine Daten- 
rate anzeigt, mit der der Empfanger Daten 
empfangen kann, wobei die Datenrate auf einer 
am Empfanger vorgenommenen Signal-Stor- 
leistungsmessung und der Verfugbare-Lei- 
stung-Nachricht basiert. 

12. Verfahren nach Anspruch 11 , wobei die Verfugbare- 
Leistung-Nachricht auf Leistungssteuernachrich- 
ten basiert. 

13. Verfahren nach Anspruch 11 , mit dem zusatziichen 
Schritt des Planens von Datenubertragungen auf 
der Basis der Empfangene-Datenraten-Nachricht. 

14. Verfahren nach Anspruch 11 , mit dem zusatziichen 
Schritt des Einstellens der in der Empfangene-Da- 



tenraten-Nachricht angezeigten Datenrate. 

15. Verfahren nach Anspruch 14, mit dem zusatziichen 
Schritt des Ubertragens von Daten zu dem Empfan- 

5 ger mit der eingestellten Datenrate. 

16. Verfahren nach Anspruch 11 , mit dem zusatziichen 
Schritt des Ubertragens von Daten zu dem Empfan- 
ger mit der Oder ungefahrmit der in der Empfange- 

w ne-Datenraten-Nachricht angezeigten Datenrate. 



Revendications 

15 1. Precede de determination d'un debit de donnees 
comprenant les etapes de : 

reception d'un message de puissance disponi- 
ble au niveau d'un r6cepteur (130) indiquant 

20 une puissance d'emission disponible future au 

niveau d'un emetteur, dans lequel le message 
de puissance disponible comporte un rapport 
pilote-liaison aller, le rapport pilote-liaison aller 
indiquant un rapport ou une fraction entre la 

25 puissance d'emission pilote et la puissance 

d'emission de liaison aller ; 
execution d'une mesure de signal utile/signal 
brouilleur au niveau du recepteur (130) d'un si- 
gnal emis par I'emetteur ; et 

30 determination d'un debit de donnees (140) 

auquel le recepteur peut recevoir des donnees 
en utilisant ta puissance d'emission disponible 
future et le rapport signal utile/signal brouilleur 
mesure. 

35 

2. Proc6de selon la revendication 1 , dans lequel le 
rapport pilote/liaison aller indique la puissance 
d'emission pilote actuelle et la puissance de liaison 
aller actuelle. 

40 

3. Precede selon ta revendication 1 , dans lequel le 
rapport pilote/liaison aller indique la puissance 
d'emission pilote future et la puissance de liaison 
aller future. 

45 

4. Procede selon la revendication 1 , dans lequel le 
message de puissance disponible indique des ef- 
fets Doppler associes au recepteur. 

50 5. Procede selon la revendication 1 , dans lequel le 
message de puissance disponible indique une fu- 
ture activite de donnees de I'emetteur. 

6. Procede selon la revendication 1 , dans lequel le 
55 message de puissance disponible indique une fu- 
ture activite de donnees d'autres emetteurs. 

7. Procede selon la revendication 6, dans lequel I'eta- 
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pe de determination du debit de donnees comprend 
I'etape de prediction d'une mesure de signal utile/ 
signal brouilleur future en utilise nt la future activite 
de donnees des autres emetteurs qui pourrait 
brouiller les transmissions de donnees de I'emet- $ 
teur. 



16. Procede selon la revendication 11, comprenant 
I'etape supplemental de transmission de donnees 
au recepteur au ou environ au debit de donnees in- 
dique dans le message de debit de donnees recu. 



8. Procede selon la revendication 7, dans lequel le de- 
bit de donnees est base sur la mesure de signal uti- 
le/signal brouilleur future predite. 



9. Proc6d6 selon la revendication 1 , dans lequel I'eta- 
pe de determination du debit de donnees comprend 
I'etape d'execution de mesures de signal utile/si- 
gnal brouilleur au niveau du recepteur pour des si- »s 
gnaux emis depuis d'autres emetteurs. 

10. Procede selon la revendication 9, dans lequel le de- 
bit de donnees est base sur les mesures de signal 
utile/signal brouilleur des autres emetteurs. 20 

11. Proc6d6 de determination d'un debit de donnees 
comprenant les etapes de ; 



emission d'un message de puissance disponi- 2s 
ble vers un recepteur (120) indiquant une puis- 
sance d'emtssion disponible future au niveau 
d'un emetteur, dans lequel le message de puis- 
sance disponible comporte un rapport pilote- 
liaison aller, le rapport pilote-liaison aller indi- 30 
quant un rapport ou une fraction entre la puis- 
sance d'emission pilote et la puissance demis- 
sion de liaison aller ; et 
reception d'un message de debit de donnees 
6mis par le recepteur (160) indiquant un debit 35 
de donnees auquel le recepteur peut recevoir 
des donnees, dans lequel le debit de donn6es 
est base sur une mesure de signal utile/signal 
brouilleur effectuee au niveau du recepteur et 
le message de puissance disponible. *o 

12. Procede selon la revendication 11, dans lequel le 
message de puissance disponible est base sur des 
messages de commande de puissance. 

45 

13. Proc6d6 selon la revendication 11, comprenant 
I'etape supplemental d'ordonnancement de 
transmissions de donnees en fonction du message 
de debit de donnees recu. 



14. Proc6d6 selon la revendication 11, comprenant 
I'etape supplemental de reglage du debit de don- 
nees indique dans le message de debit de donnees 
recu. 



15. Precede selon la revendication 14, comprenant 
I'etape supplemental re de transmission dedonn6es 
au recepteur au debit de donnees regie. 
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Description 

[0001] This invention relates to methods of determin- 
ing a data rate. 

[0002] In wireless communication systems based on 
Code Division Multiple Access (CDMA), there is a need 
to integrate real-time circuit switched services, such as 
voice services, and non-real time best-effort packet data 
services on a same frequency earner. An extensive 
amount of work has been done to design systems that 
are optimized to support either real-time circuit switched 
services or non-real time best-effort packet data servic- 
es. Currently, for most efficient resource utilization, the 
different services are provided on separate frequency 
carriers. However, providing the different services on 
separate frequency carriers makes it difficult to support 
simultaneous real-time circuit switched and non-real 
time best-effort pack data services for a same user. The 
obstacle preventing both types of services from being 
efficiently provided via a same frequency carrier is the 
limited amount of available transmit power per base sta- 
tion, as will be described herein. 
[0003] FIG. 4 depicts a wireless communication sys- 
tem 1 0 employing CDMA techniques. The wireless com- 
munications system 10 comprises a mobile switching 
center (MSC) 12 and a plurality of base stations (BS) 
14-/ connected to the MSC 12. Each of BS 14-Ahas a 
maximum amount of available power P,^ for forward 
link or downlink transmissions to mobile-telephones 
(MT), such as mobile-telephones 1 6-fr, within an asso- 
ciated geographical coverage area referred to herein as 
cell 1 8-/. For illustrative purposes, cells 1 8-/ are depicted 
as circular in shape with base stations 14-/ centrally po- 
sitioned. It should be understood that cells 18-/mayalso 
be non-circular in shape (e.g., hexagonal) with the base 
stations positioned non-centrally. 
[0004] Second generation CDMA based wireless 
communication systems were optimized to support 
voice services. The systems utilize frame delivery over 
dedicated channels (or in other words, real-time circuit 
switched services) with very low delay and jitter to sup- 
port voice services. In second generation CDMA based 
wireless communication systems, the forward link com- 
prises a plurality of signals which have been combined 
and modulated onto a frequency carrier, wherein the 
plurality of signals includes a pilot signal, control signals 
and voice signals. The pilot and control signals are 
transmitted over a pilot channel and control channels 
defined by Walsh codes W pilot and at fixed 

transmit powers and P^ntro^. respectively, 

wherein P pikJf and Pcontrokx are fixed percentages of 
P max and "cc" denotes a specific control channel. Note 
that the pilot channel is always active because, in sec- 
ond generation CDMA systems, the pilot, signal is a con- 
tinuous pilot signal. By contrast, the control channels are 
not always active. 

[0005] The voice signals are transmitted over traffic 
channels defined by Walsh codes W voia! .tc at transmit 



power P VO ico-tc> where "tc" denotes a specific traffic 
channel. The transmit power P voice _ tc of the voice signals 
are dynamically power controlled based on users to 
which the associated voice signals are intended. 

s [0006] The fundamental objective of power control is 
to set the voice transmit power P^i^tc such that a de- 
sired quality of service (QOS) is obtained at a receiver 
for the associated voice signal. Power control comprises 
of outer and inner power control loops. Outer power con- 

10 trol loops involve, for each traffic channel, setting a tar- 
get signal-to-interference ratio (SIR) or other target con- 
trol threshold that will achieve a desired frame error rate 
(FER) or other QOS parameter at the intended receiver 
for the voice signal. By contrast, inner power control 

1* loops involve, for each traffic channel, manipulating 
transmit power at the transmitter according to the target 
SIR set by the outer power control loop. Specifically, the 
inner power control loop measures SIR at the receiver 
over a time interval referred to herein as a power control 

20 group (PCG). If the measured SIR is greater than the 
target SIR, the receiver transmits power control bits on 
the reverse link or uplink indicating to the transmitter to 
increase its transmit power an up transmit step size. By 
contrast, if the measured SIR is less than the target SIR, 

25 the receiver transmits power control bits indicating to the 
transmitter to decrease its transmit power a down trans- 
mit step size. This manipulation of power ensures that 
the SIR at the receiver is at or near the target SIR in 
order to achieve the desired QOS at the receiver. Note 

30 that power control may also be applied to signals other 
than voice. 

[0007] FIG. 5 depicts a chart 19 illustrating forward 
link transmit power P„ versus time at BS 14-/' for a for- 
ward link comprising pilot, control and voice signals, 

35 wherein forward link transmit power P n is the sum of the 
transmit powers of the signals comprising the forward 
link, i.e., PfpEPpnot+Pcontr^c+Pvoice-tc- Note that the pi- 
lot transmit power P pik)t is fixed because the pilot signal 
is continuously being transmitted over the pilot channel 

40 at a fixed transmit power. By contrast, the combined 
control and voice transmit powers Pcontroi-oc and p vofce-tc 
is variable for a number of reasons: the control and traf- 
fic channels are not always active; the traffic channels 
are dynamically power controlled; and traffic channels 

45 are being added and dropped as calls to mobile-tele- 
phones are being completed and terminated. The for- 
ward link transmit power P f , preferably should not ex- 
ceed the maximum transmit power at BS 14-/ otherwise 
calls may be dropped due to a number of reasons, such 

so as degradation in quality. 

[0008] In third generation CDMA based wireless com- 
munication systems, data services have been added. 
Data services differ from voice services in a number of 
manners. Voice services utilize real-time circuit- 

55 switched services in which channels are dedicated. Re- 
al-time circuit switch services involve frame delivery with 
very low delay and jitter. Typically, retransmissions are 
not allowed and the quality of voice signal transmissions 
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are controlled very tightly through dynamic power con- 
trol. By contrast, data services utilizes best-effort, non- 
real time packet data services which do not place strin- 
gent requirements on delay and jitter. Data signals are 
transmitted using time-slotted transmissions on shared 
channels. Retransmissions are utilized to achieve ex- 
tremely reliable data delivery while compensating for in- 
stantaneous physical layer losses due to fading. 
[0009] There are currently two manners of implement- 
ing data services with voice services. The first proposal 
has been incorporated into the well known third gener- 
ation CDMA standard (hereinafter referred to as 3G-1 x), 
and involves providing data services using a same fre- 
quency earner as the one on which the voice services 
are provided. The second proposal has been incorpo- 
rated into the well known data only evolution of the third 
generation CDMA standard (hereinafter referred to as 
3G-1x EVDO), and involves providing data services us- 
ing a different frequency carrier than the frequency car- 
rier on which the voice services are provided. 
[0010] Both 3G-lx and 3G-lx EVDO utilize measured 
SIR at the receivers or mobile-telephones 16-frto control 
a parameter associated with the transmission of data 
from BS 14-/. Specifically, in 3G-1x, data is transmitted 
at fixed data rates utilizing measured SIR to control 
transmit power levels and, in 3G-1 x EVDO, data is trans- 
mitted at fixed transmit power levels utilizing measured 
SIR to control data rates. Thus, data services in 3G-1x 
is similar to voice services in that both services are pow- 
er controlled, whereas data services in 3G-1x EVDO is 
"rate controlled." 

[0011] In 3G-1 x, voice and data services are provided 
using a same frequency carrier. That is, the voice and 
data signals are parts of a single forward link, wherein 
the data signals are transmitted over data channels de- 
fined by Walsh codes in the forward link at transmit pow- 
er p data-dc and "dc" denotes a specific data channel. Da- 
ta is transmitted over dynamically power controlled data 
channels at fixed data rates such that the forward link 
has an associated SIR at the receiver which is at or near 
a target SIR. Without decreasing the number of availa- 
ble voice channels at BS 14-/, the addition of data chan- 
nels at BS 1 4-/can cause the forward link transmit power 
P f , to, at times, exceed the maximum transmit power 
P max at BS 14-/ due to the dynamics of power control. 
See FIG. 6, which depicts a chart 20 illustrating forward 
link transmit power P„ versus time at BS 14-/ for a for- 
ward link comprising pilot, control, voice and data sig- 
nals, i.e., PfpEPpJtot+Pconlro^cc+Pvolc^c^Pdata-dc- 

[0012] In 3G-1x EVDO, voice and data services are 
provided using separate frequency carriers. That is, the 
voice and data signals are transmitted over separate for- 
ward links defined by different frequency carriers. Data 
is transmitted over data channels at fixed data transmit 
powers Pdata-dc but at variable data rates. Specifically, 
measured SIR at the receiver is used to determine a da- 
ta rate which can be supported by the receiver. Typically, 
the determined data rate corresponds to a maximum da- 



ta rate at which a minimum ievel of quality of service can 
be achieved at the mobile-telephone. Higher measured 
SIR translates into higher data rates, wherein higher da- 
ta rates involve higher order modulation and weaker 

s coding than lower data rates. For example, if measured 
SIR at the receiver is 12 dB and -2dB at two different 
receivers, then the data rates may be 2.4 mbs and 38.4 
kbs at each of the respective receivers. See FIG. 7, 
which depicts a chart 30 illustrating forward link transmit 

10 power P n versus time at BS 14-/ over a data only fre- 
quency carrier, where Pft=EPdaia-dc- 
[0013] However, the use of different frequency chan- 
nels for voice and data services makes it difficult to sup- 
port simultaneous real-time circuit switched services 

is and non-real time best-effort packet data services for a 
same user. Significant changes to network architecture 
would be required. Accordingly, there exist a need to in- 
tegrate voice and data services onto a same frequency 
channel. 

20 [001 4] W0 9923844 discloses a data commun ication 
system capable of variable rate transmission in which 
data transmission on the forward link is time multiplexed 
and the base station transmits at the highest data rate 
supported by the forward link at each time slot to one 

25 mobile station. The data rate is determined by the larg- 
est C/l measurement of the forward link signals as 
measured at the mobile station. 
[0015] US-A-5745480 discloses a multi-rate wireless 
communications system that supports a plurality of dis- 

30 tributed user terminals in full-duplex simultaneous com- 
munications with a central base station, where each us- 
er terminal is provided on demand with one of multiple 
bit rates at a negotiated QOS. Each user is assigned a 
variable bit rate, a variable processing gain, a variable 

35 transmit power and a unique fixed rate spreading code, 
resulting in a constant bandwidth signal received at a 
relative power level corresponding to the negotiated 
QOS. This application can be applied to systems includ- 
ing wireless local loop and mobile cellular. By adjusting 

40 signal energy and interference energy, variable bit rates 
and negotiated QOS parameters can be supported. The 
forward link between base-station and user terminal, 
and the reverse link between the user terminal and 
base-station, can correspond to either a Frequency Di- 

45 vision Duplexing (FDD) arrangement where the forward 
and reverse links occupy different carrier frequencies 
but overlap in time, or a Time Division Duplexing (TDD) 
arrangement where the forward and reverse links occu- 
py the same carrier frequency but are in non-overlap- 

50 ping time intervals. 

[0016] According to a first aspect of this invention 
there is provided a method as claimed In claim 1 . 
[0017] According to a second aspect of this invention 
there is provided a method as claimed in claim 11 . 

55 [001 8] The present invention integrates voice and da- 
ta services onto a same frequency channel using avail- 
able transmit power information to determine data rates, 
wherein the available transmit power information indi- 
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cates an amount of transmit power available for future 
data transmissions over one or more data channels. In 
a "distributed" embodiment, a transmitter or base station 
transmits, via a forward link, an available power mes- 
sage to a receiver or mobile-telephone indicating an 
amount of available transmit power at some future time 
t+z. The mobile-telephone performs signal-to-interfer- 
ence measurements corresponding to the received for- 
ward link and received interference, and uses such sig- 
nal-to-interference measurements and the available 
power message to determine a data rate that can be 
supported by the mobile-telephone. Preferably, the de- 
termined data rate corresponds to a maximum data rate 
at which a minimum level of quality of service can be 
achieved at the mobile-telephone. In a "centralized" em- 
bodiment, the mobile-telephone transmits the signal-to- 
interference measurements to the base station, and the 
base station determines the data rate based on the 
available transmit power at future time f+z. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0019] The features, aspects and advantages ofthe 
present invention will become better understood with re- 
gard to the following description, appended claims, and 
accompanying drawings where: 

FIG. 1 depicts a time line illustrating power control 
over the forward link; 

FIG. 2 depicts a flowchart illustrating a "distributed" 
manner of dynamically controlling data rate ; 
FIG. 3 depicts a time line illustrating rate control 
over the forward link; 

FIG. 4 depicts a wireless communication system 
employing CDMA techniques; 
FIG. 5 depicts a chart illustrating forward link trans- 
mit power versus time for a forward link comprising 
pilot, control and voice signals; 
FIG. 6 depicts a chart illustrating forward link trans- 
mit power versus time for a forward link comprising 
pilot, control, voice and data signals; and 
FIG. 7 depicts a chart illustrating forward link trans- 
mit power versus time over a data only frequency 
carrier. 



DETAILED DESCRIPTION 

[0020] The present invention integrates voice and da- 
ta services onto a frequency channel using available 
transmit power to determine data rates, wherein pilot, 
control, voice and data signals are parts of a single for- 
ward link associated with the frequency channel. In the 
present invention, voice services and other real-time cir- 
cuit switched services, such as video, are dynamically 
power controlled to achieve a desired quality of service. 
By contrast, data services and other non-real time best- 
effort packet data services are rate controlled based on 
available transmit power. The present invention will be 



described herein with reference to forward linktransmis- 
sions and to wireless communication systems based on 
CDMA technology transmitting a continuous pilot. It 
should be understood that the present invention is also 
5 applicable to reverse link transmissions and to wireless 
communication systems based on other multiple access 
technologies. 

[00211 Voice services are dynamically power control- 
led. 

w [0022] In the forward link, at time instant f, the base 
station transmits a voice signal to a mobile-telephone 
over a dedicated traffic channel at transmit power 
Pvoica-tc(f). wherein "tc" denotes a specific traffic channel 
associated with the mobile-telephone to which the voice 
is signal is intended. See FIG. 1 , which depicts a time line 
90 illustrating power control over the forward link. The 
forward link being associated with a frequency carrier 
and the traffic channel being defined by Walsh codes 
W tc . At time instant f, the base station transmits a for- 
20 ward link signal. At time instant f+fa, the mobile-tele- 
phone measures signal-to-interference ratio corre- 
sponding to the received forward link and the total re- 
ceived interference l Q , hereinafter referred to as SI 0 R, 
over a time interval referred to herein as a "power control 
25 group." For purposes of this application, the term signal- 
to-interference ratio or similar ratio should be construed 
to include signal-to-interference ratio, carrier-to-interfer- 
ence ratio, signal-to-noise ratio, carrier-to-noise ratio, 
energy-per-bit-to-interference ratio or other similar 
30 measurements. 

[0023] Based on the measu red S l 0 R an d a target S l 0 R 
associated with the mobile-telephone, at time t+c, the 
mobile-telephone transmits a power control message 
(or power control bits) to the base station indicating to 
35 the base station whether to increase or decrease the 
transmission power for its associated traffic channel, 
wherein the target SI C R corresponds to a desired quality 
of service for the mobile-telephone. At time instant f+y, 
the base station receives the power control message (or 
40 bits). At time instant t+x, the base station transmits the 
voice signal to the mobile-telephone at transmit power 

P volce-tc(M via tne forward link > where P volc8-tc(M ls 
based on the power control message. Note that forward 
link transmit power P n varies at a rate based on the du- 
45 ration of the power control group, and that the duration 
between time instant f and time instant t+x is referred to 
herein as a "power control loop," i.e., the power control 
loop spans a duration x. 

[0024] Data services are dynamically rate controlled 
so based on available transmit power and measured 
signal-to-interference ratio. FIG, 2 depicts a flowchart 
100 illustrating a "distributed" manner of dynamically 
controlling data rate, i.e., data rate is determined by 
mobile-telephones. In step 110, at time instant t+u, the 
55 base station predicts a future available transmit power 

PavaiKJc( f+z ) for time instant t+z at the base station for 
a data channel dc in the forward link, where u is greater 
than or equal to zero and z is greater than u. See FIG. 
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3, which depicts a time line 92 illustrating rate control 
over the forward link. The manners in which the present 
invention predicts future available transmit power 
p avaikdc( f+z ) wi " be discussed later herein. 
[0025] I n step 1 20, at time instant t+v, the base station 
transmits an available power message to mobile-tele- 
phones within its associated cell (and, perhaps, in 
neighboring cells) to indicate the predicted future avail- 
able transmit power P ava ii-dc(M for the data channel - 
The available power message being transmitted on a 
forward link channel and may also include an indication 
of time instant t+z. In one embodiment, the available 
power message is transmitted on a forward link control 
channel, such as a forward link broadcast channel, or a 
forward link burst pilot channel. In step 130, at time in- 
stant t+w, the mobile-telephone receives the available 
power message and measures the SI 0 R. Note that the 
mobile-telephone may receive the available power mes- 
sage and measure the SI 0 R at different time instants. In 
step 140, at time instant t+s, the mobile-telephone de- 
termines a data rate based on the available power mes- 
sage and measured SI 0 R. Preferably, the determined 
data rate corresponds to a maximum data rate at which 
a minimum level of quality of service can be achieved 
at the mobile-telephone 

[0026] In one embodiment, data rate is determined di- 
rectly from measured SI 0 R. That is, the measured Sl 0 R 
is translated into a data rate by the mobile-telephone. 
For example, there is a one-to-one mapping between 
Sl e R and data rate, or an equation or algorithm is used 
to translate SI 0 R to data rate. In another embodiment, 
data rate is determined using signal-to-interference ratio 
corresponding to the received forward link and interfer- 
ence not caused by the cell from which the received for- 
ward link was transmitted, hereinafter referred to herein 
as other-cell interference SI^R. Specifically, other-cell 
interference is equal to interference caused by the 
transmission of signals by other cells and spurious 
noise, or to the total received interference l 0 less same 
cell interference l^, wherein same cell interference l^ 
corresponds to the signal strength of the received for- 
ward link. 

[0027] In one embodiment, the available power 
message indicates a ratio or fraction between pilot 
transmit power P pik , t (f) and forward link transmit power 
P n (r), i.e., pilot-forward link ratio, on a time slot basis, 
wherein such ratio can be used to predict future 
available transmit power P ava ji-eic(M usin 9 known pilot 
transmit power P pilot . For example, the pilot-forward link 
ratio indicated in the available power message is If 
the pilot transmit power P pik)t is 15% of the maximum 
transmit power P,^ and maximum transmit power P max 
is 100 watts, then P pitot is 15 watts, P fl is 30 watts and 
P avail . dc (f+2) is 70 watts. The available power message 
may, in the alternate or in combination, indicate the pilot- 
forward link ratio forf utu re pilot transmit power P pCot ( t+z) 
and future forward link transmit power P ti {t+z). In 
another embodiment, the available power message 



may be a burst pilot signal which is transmitted over the 
data channel at a known percentage of the current or 
future available transmit power level. In this 
embodiment, the received signal strength of the burst 

5 pilot can be used to determine or predict the future 
available transmit power P ava n-dc(M- 
[0028] The available power message or P p no/Pf i ratio 
may be encoded using different number of bits corre- 
sponding to allowed quantization levels of the P pj |o/Pfl 

10 ratio. If more bits are used to encode the P^Pn ratio, 
the P p ii 0 t/Pfl ratio can be more granular (thus, more ac- 
curate data rate prediction). However, the transmit pow- 
er required for the forward link broadcast channel will 
also be larger in this case. It is also possible to encode 

15 both Ppnoj/Pfl ratio for a current time slot and a delta be- 
tween the current and a predicted P pHo /Pf, ratio change 
for the next time slot in which data is to be transmitted, 
thereby reducing the overall number of bits used to en- 
coded the P pitot /Pfi ratio. If the data rate loop is tight or 

20 sufficiently fast, the number of bits needed to encode 
delta Ppiio/Pfi ratio would be fewer. 
[0029] In an embodiment, the available power mes- 
sage may also indicate predicted future forward link 
transmit power and/or predicted future data activity or 

25 transmissions of the base station from which the avail- 
able power message was transmitted and/or neighbor- 
ing base stations for time instant t+z. Such predicted fu- 
ture forward link transmit power and data activity infor- 
mation may be used to predict future interference l 0 , 

30 which can then be used to better estimate data rate for 
time instant t+z. 

[0030] In step 1 50, at time instant t+r, the data rate is 
transmitted to the base station via a data rate message 
on a reverse link channel. In one embodiment, the data 

35 rate message is transmitted on a reverse link fast feed- 
back channel. In step 160, at time instant t+q, the base 
station schedules time-slotted data transmissions 
based on the data rate message. In one embodiment, 
the base station schedules time-slotted data transmis- 

40 sions to mobile-telephones capable of receiving data at 
higher data rates before mobile-telephones capable of 
receiving data at lower data rates. In step 170, the data 
is transmitted at time instant t+z. Note that the duration 
between time instant t+u and time instant t+z is referred 

45 to herein as a "data rate loop," i.e., data rate loop is equal 
to z-u. 

[0031] FIG. 2 represents a "distributed" embodiment 
of the present invention in which the mobile-telephones 
perform the translation of measured SI C R to data rate. 

50 in the distributed embodiment, the mobile-telephone is 
operable to translate measured signal-to-interference 
ratio to a data rate, and the base station provides the 
mobile-telephone with all the necessary information to 
perform such translation, e.g., future available transmit 

55 power Pavajj-dctM. In a "centralized" embodiment, the 
translation of measured signal-to-interference ratio to 
the data rate may be performed by the base station. In 
this embodiment, the mobile-telephone transmits the 
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measured SI 0 R to the base stations, and the base sta- 
tion determines the data rate based on the predicted fu- 
ture available transmit power P ava ii-dc( f+ ^ and meas- 
ured signal-to-interference ratio. 
[0032] As mentioned earlier, a number of manners 
may be used in performing step 110, i.e., the base sta- 
tion predicts future available transmit power P ava jWc 
(f+2). Basically, the predicted future available transmit 
power P ava ji-dc(M is based on the maximum transmit 
power P max associated with the frequency carrier and 
the forward link transmit power P n for the samef requen- 
cy carrier. I none embodiment, the predicted future avail- 
able transmit power P ava ihdc( f+Z ) is et 1 Ljal t0 the differ * 
ence between P max and current forward link transmit 
power P„(f), i.e., P ava Jl-d c (' +z )= Pn,ax-Pfl(0=P a vaiWc('). 
[0033] In another embodiment, the predicted future 
available transmit power P aveihdc {t+^ is equal to the dif- 
ference between P max and predicted future forward link 
transmit power Pfi(f+z). The future forward link transmit 
power Pfi(f+.z) may be predicted based on power control 
messages received from mobile-telephones being 
served by the base station and current transmit powers 
P vojce . tc (f). Specifically, if the data rate loop is faster than 
the power control loop, i.e., (z-u)>x, then it may be pos- 
sible forthe mobile-telephones to receive available pow- 
er messages with predicted future forward link transmit 
power P fl (r+z) that was based on power control messag- 
es, calculate data rates for time instant f+z, and transmit 
the calculated data rate to the base station just in time 
for the transmit power of power controlled users to be 
adjusted at the base station. Power controlled users be- 
ing users that utilize applications which are delay-con- 
strained real-time services with quasi-circuit switched 
connections that are power controlled, such as voice, 
video, data in 3G-1x, etc. users. By contrast, rate con- 
trolled users are users that utilize applications which are 
delay-tolerant non-real time services with packet 
switched connections that are rate controlled and 
scheduled in best effort manner, such as are data in 3G- 
1x EVDO (web browsing HTTP, FTP, e-mail, etc.). 
[0034] If the data rate loop is not faster than the power 
control loop, i.e., {z-u)<x, then the data rate calculation 
may provide for Epsilon or a margin of error (due to a 
difference between predicted and actual future available 
transmit power), or the base station may correct for er- 
rors in the data rate determination of the mobile-tele- 
phone in some other manner, such as via hybrid ARQ 
or limited blind data rate detection. For example, the 
base station may reserve some transmit power for cas- 
es where actual future available transmit power is less 
than the predicted future available transmit power. In an- 
other example, the base station either relies on retrans- 
missions to correct errors in data rate determination due 
to transmissions at lower power levels than initially de- 
termined, or transmits at a lower rate than that deter- 
mined by the mobile-telephone (and the mobile-tele- 
phone has to determine the actual transmission data 
rate). 



[0035] The present invention will now be described 
with reference to specific embodiments of wireless com- 
munication systems. In a first embodiment, the wireless 
communication system transmits a continuous pilot sig- 

5 nal over a pilot channel. The following is an example 
describing the flow of information exchange and distrib- 
uted processing that may conceivably take place in this 
embodiment. A base station transmits an available pow- 
er message indicating pilot-forward link ration P p i tot (fy 

10 p n (f), predicted data traffic fraction P avall _ dc (tfAf)/P fl 
(f+Af), and predicted data activity bit FAC(r+Af) over a 
forward link broadcast channel to all mobile-telephones 
to which the base station is linked, wherein predicted 
data traffic fraction is the ratio between predicted future 

is available transmit power and predicted future forward 
link transmit power, and predicted data activity bit indi- 
cates whether the base station will be transmitting data 
at time instant f+Af. The term Af represents the time in- 
terval of "look ahead" available to the base station for 

20 predicting the amount of transmit power utilized by the 
power controlled users and, in one embodiment, is on 
the order of a couple of PCGs, wherein the time interval 
of look ahead corresponds to the duration between the 
receipt of power control messages by the base station 

25 and transmissions at power levels based on those re- 
ceived power control messages, i.e., x-y. Note that the 
base station also broadcasts Walsh code information 
anticipated at time instant f+Afsuch that the mobile-tel- 
ephone knows which Walsh codes to use for decoding 

30 data transmissions. 

[0036] At time instant f, the mobile-telephone meas- 
ures Sl o R(/,0 of a best serving base station / in an active 
set of base stations, e.g., active set base station with 
the strongest signal strength at the mobile-telephone, 

35 as well as SI 0 R(/,f) of neighboring base stations), where- 
in neighboring base stations includes other active set 
base stations (other than the best serving base station 
r) and, perhaps, candidate base stations. At the same 
time the mobile-telephone reads the data traffic frac- 

40 tions Pavaii-dcU+AO/Pfitf+Af) and data activity bits FAC 
(f+Af) indicated in available power messages transmit- 
ted by base station /' and neighboring base stations /, 
and utilizes this information together with the measured 
Sl o R(r,0 and Sl o R(/',0 to compute SI 0 R(/,f+Af) and cor- 

45 responding data rate for time instant f+Af based on the 
computed SI 0 R(/,f+Af). For example, if the data activity 
bits FAC(f+Af) indicate that a certain base station will 
not be transmitting data at time instant f+At, then the 
interference attributed to that base station may be low- 
so ered. The mobile-telephone transmits, preferably every 
time slot, the computed data rate to the best serving 
base station /. 

[0037] At the best serving base station /, the mobile- 
telephone computed data rate for time instant f+Af is ad- 
55 justed by base station / according to the error Epsilon 
induced by an imperfect look ahead of the amount of 
transmit power to be utilized by the power controlled us- 
ers. For example, if the actual available future transmit 
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power is less than the predicted future transmit power, 
then the rate at which data is transmitted would be lower 
than what was computed by the mobile-telephone. Op- 
tionally, base station /furtherbacks-off for variations due 
to Doppler shifts and Epsilon, and computes the final s 
data rates for each mobile-telephone. Incremental re- 
dundancy techniques (IR) can be used to maintain the 
same information rate but adapt the coding gains in- 
stead, i.e., the back-off can be minimized via efficient IR 
schemes. 10 
[003B] Base station /schedules one mobile-telephone 
for service at time instant t+&t, If the base station com- 
puted data rate differs from the mobile-telephone com- 
puted data rate, base station /indicates the base station 
computed data rate explicitly in a header along with a « 
MAC ID via preamble or user code. Alternately, blind da- 
ta rate detection around the data rate that corresponds 
to the mobile-telephone computed data rate may be 
used. Additionally, IR based schemes may be used to 
adapt the code rate to the Epsilon as well as changes 20 
in the data rate due to channel. In this case, neither ex- 
plicit data rate information nor blind rate detection at MS 
is required, since the mobile-telephone computed data 
rate is maintained. 

[0039] Note that in a centralized embodiment, the mo- « 
bile-telephone does not compute the data rates, and 
base station / would compute the data rate based on 
mobile-telephone measured SI 0 R, predicted future 
available transmit power P ava ]Wc(k* A 0 and ' P ema P s . 
predicted data traffic fraction P avalWc (/,tfAf)/P f |(/,ffAf), 30 
predicted data activity bit FAC(/,f+Ar), Doppler shifts, 
etc. 

[0040] In a second embodiment of the present inven- 
tion, the wireless communication system transmits a 
continuous pilot signal over the pilot channel and a data 35 
activated burst pilot signal, wherein the forward link 
transmit power P„ is equal to the maximum transmit 
power P max when the data activated burst pilot signal is 
transmitted. The data activated burst pilot signal being 
transmitted only when there is data to be transmitted. In 40 
this embodiment, the available power message may not 
be necessary only when the data activated burst pilot 
signal is being transmitted. 

[0041] In a third embodiment of the present invention, 
the wireless communication system transmits a contin- <s 
uous pilot signal overthe pilot channel and a continuous 
burst pilot signal, wherein the forward link transmit pow- 
er P ft is equal to the maximum transmit power P max when 
the continuous burst pilot signal is transmitted. The con- 
tinuous burst pilot signal being continuously transmitted so 
(even in the absence of data transmission). In this em- 
bodiment, the available power message can be the con- 
tinuous burst pilot because the future available transmit 
power Pavag-dJU-AO can be estimated from the received 
signal strength of the continuous burst pilot signal. That 55 
is, if P^boi represents the transmit power of the burst 
pilot, R^pdot represents the received signal strength of 
the burst pilot and Rp llot represents the received signal 



strength of the pilot, then: 

[0042] In yet another, the wireless communication 
system does not transmit a continuous pilot but does 
transmit a common burst pilot to all users periodically at 
known instants of time. Such a common burst pilot can 
also be coordinated for simultaneous transmission 
across base stations of a system. In such an embodi- 
ment, the transmittal of the available power fraction and 
data activity to the data users over a broadcast channel 
will be necessary to perform the data rate computation 
accurately in a distributed (mobile-telephone based) im- 
plementation. This may not be necessary in a central- 
ized implementation wherein the base station translates 
the mobile-telephone measured SIRs into appropriate 
data rates. The accuracy of this translation (or comput- 
ing an effective SIR) may be improved to take into ac- 
count the predicted other cell interference levels by ex- 
change of the predicted power fractions and data activity 
bits between neighboring base stations over a fast back- 
haul. However, in such centralized implementations, it 
may be necessary in the interest of accuracy for the mo- 
bile-telephone to feedback the SIR it measures from 
each of the base stations in its vicinity that the mobile- 
telephone can possibly be read. 
[0043] Although the present invention has been de- 
scribed in considerable detail with reference to certain 
embodiments, other versions are possible. Therefore, 
the scope of the present invention should not be limited 
to the description of the embodiments contained herein. 



Claims 

1 . A method of determining a data rate comprising the 
steps of: 

receiving an available power message at a re- 
ceiver (1 30) indicating future available transmit 
power at a transmitter, wherein the available 
power 

message includes a pilot-forward link ratio, the 
pilot-forward link 

ratio indicating a ratio or fraction between pilot 
transmit power and forward link transmit power; 
performing a signal-to-interference measure- 
ment at the receiver (130) for a signal transmit- 
ted by the transmitter; and 
determining a data rate (140) at which the re- 
ceiver can receive data using the future avail- 
able transmit power and the measured signal- 
to- interference ratio. 

2. A method as claimed in claim 1 , wherein the pilot- 
forward link ratio indicates current pilot transmit 
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power and current forward link power. 

3. A method as claimed in claim 1 , wherein the pilot- 
forward link ratio indicates future pilot transmit pow- 
er and future forward link power. 

4. A method as claimed in claim 1 , wherein the avail- 
able power message indicates Doppler effects as- 
sociated with the receiver. 

5. A method as claimed in claim 1 , wherein the avail- 
able power message indicates future data activity 
of the transmitter. 

6. A method as claimed in claim 1 , wherein the avail- 
able power message indicates future data activity 
of other transmitters. 

7. A method as claimed in claim 6, wherein the step 

of determining the data rate comprises the step of * 
predicting a future signal-to-interference measure- 
ment using the future data activity of the other trans- 
mitters which may cause interference to data trans- 
missions from the transmitter. 

8. A method as claimed in claim 7, wherein the data 
rate is based on the predicted future signal-to-inter- 
ference measurement. 

9. A method as claimed in claim 1 , wherein the step • 
of determining the data rate comprises the step of 
performing signal-to-interference measurements at 
the receiver for signals transmitted by other trans- 
mitters. 

10. A method as claimed in claim 9, wherein the data 
rate is based on the signal-to-interference meas- 
urements of the other transmitters. 

1 1 . A method of determining a data rate comprising the 
steps of : 

transmitting an available power message to a 
receiver (120) indicating future available trans- 
mit power at a transmitter, wherein the available 
power message includes a pilot-forward link ra- 
tio, the pilot-forward link ratio indicating a ratio 
or fraction between pi lot transmit power and for- 
ward link transmit power; and 
receiving a data rate message transmitted by 
the receiver (160) indicating a data rate at 
which the receiver can receive data, wherein 
the data rate is based on a signal-to- interfer- 
ence measurement made at the receiver and 
the available power message. 

12. A method as claimed in claim 1 1 , wherein the avail- 
able power message is based on power control 



13. A method as claimed in claim 11 comprising the ad- 
ditional step of scheduling data transmissions 

5 based on the received data rate message. 

14. A method as claimed in claim 1 1 comprising the ad- 
ditional step of adjusting the data rate indicated in 
the received data rate message. 

10 

15. A method as claimed in claim 14 comprising the ad- 
ditional step of transmitting data to the receiver at 
the adjusted data rate. 

1* 16. A method as claimed in claim 1 comprising the ad- 
ditional step of transmitting data to the receiver at 
or about the data rate indicated in the received data 
rate message. 



Patentansp ruche 

1 . Verfahren zum Bestimmen einer Datenrate, mit den 
folgenden Schritten: 

Empfangen einer Verfugbare-Leistung-Nach- 
richt an einem Empfanger (130), die zukunftig 
verfugbare Sendeleistung an einem Sender 
anzeigt, wobei die Verfugbare-Leistung-Nach- 
richt ein Pilotvorwartsstreckenverhaltnis ent- 
hfllt, das ein Verhaltnis oder einen Anteil zwi- 
schen der Pilotsendeleistung und der Vorwarts- 
strekkensendeleistung anzeigt; 
Ausfuhren einer Signal-Storleistungsmessung 
am Empfanger (130) fur ein vom Sender uber- 
tragenes Signal und 

Bestimmen einer Datenrate (140), mit der der 
Empfanger Daten empfangen kann, unter Ver- 
wendung der zukunftig verfiigbaren Sendelei- 
stung und des gemessenen Signal-Storlei- 
stungsverhaltnisses. 

2. Verfahren nach Anspruch 1 , wobei das Pilotvor- 
wartsstreckenverhaitnis die aktuelle Pilotsendelei- 
stung und die aktuelle Vorwartsstreckenleistung 
anzeigt. 

3. Verfahren nach Anspruch 1, wobei das Pilotvor- 
wartsstreckenverhaltnis die aktuelle Pilotsendelei- 

> stung und die zukunftige Vorwartsstreckenleistung 
anzeigt. 

4. Verfahren nach Anspruch 1 , wobei die Verfugbare- 
Leistung-Nachricht mit dem Empfanger verbunde- 

5 ne Doppler- Effekte anzeigt. 

5. Verfahren nach Anspruch 1 , wobei die Verfugbare- 
Leistung-Nachricht zukunftige Datenaktivitaten des 
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Senders anzeigt. 

6. Verfahren nach Anspruch 1 , wobei die Verfugbare- 
Leistung-Nachricht zukunftige Datenaktivitaten an- 
derer Sender anzeigt. 

7. Verfahren nach Anspruch 6, wobei der Schritt des 
Bestimmens der Datenrate den Schritt des Vorher- 
sagens einer zukunftigen Signal-Storleistungsmes- 
sung unter Verwendung der zukunftigen Datenakti- 
vitaten der anderen Sender, die Storungen an an- 
deren Datenubertragungen von dem Sender verur- 
sachen konnen, umfaRt. 

8. Verfahren nach Anspruch 7, wobei die Datenrate 
auf der vorhergesagten zukunftigen Signal-Storlei- 
stungsmessung basiert. 

9. Verfahren nach Anspruch 1, wobei der Schritt des 
Bestimmens der Datenrate den Schritt des Durch- 
fuhrens von Signal-Storletstungsmessungen am 
Empfanger fur von anderen Sendern ubertragene 
Signale umfaBt. 

10. Verfahren nach Anspruch 9, wobei die Datenrate 
auf den Signal-Storleistungsmessungen der ande- 
ren Sender basiert. 

1 1 . Verfahren zum Bestimmen einer Datenrate, mit den 
fotgenden Schritten: 

Ubertragen einer VerfCigbare-Leistung-Nach- 
richt zu einem Empfanger (120), die zukunftig 
verfugbare Sendeleistung an einem Sender 
anzeigt, wobei die 

Verfiigbare-Leistung-Nachricht ein Pilotvor- 
wartsstreckenverhaltnis enthalt, das ein Ver- 
haltnis Oder einen Anteil zwischen der Pilotsen- 
deleistung und der Vorwartsstreckensendelei- 
stung anzeigt; und 

Empfangen einer vom Empfanger (160) uber- 
tragenen Datenratennachricht, die eine Daten- 
rate anzeigt, mit der der Empfanger Daten 
empfangen kann, wobei die Datenrate auf einer 
am Empfanger vorgenommenen Signal-Stor- 
leistungsmessung und der Verfugbare-Lei- 
stung-Nachricht basiert. 

12. Verfahren nach Anspruch 11, wobei dieVerfugbare- 
Leistung-Nachricht auf Leistungssteuemachrich- 
ten basiert. 

13. Verfahren nach Anspruch 11 , mit dem zusatzlichen 
Schritt des Pianens von Datenubertragungen auf 
der Basts der Empfangene-Datenraten-Nachricht. 

14. Verfahren nach Anspruch 11 , mit dem zusatzlichen 
Schritt des Etnstellens der in der Empfangene-Da- 



tenraten-Nachricht angezeigten Datenrate. 

15. Verfahren nach Anspruch 14, mit dem zusatzlichen 
Schritt des Ubertragens von Daten zu dem Empfan- 

5 ger mit der eingestellten Datenrate. 

16. Verfahren nach Anspruch 11, mit dem zusatzlichen 
Schritt des Ubertragens von Daten zu dem Empfan- 
ger mit der oder ungefahr mit der in der Empfange- 

w ne-Datenraten-Nachricht angezeigten Datenrate. 



Revendlcations 

15 1, Precede de determination d'un debit de donnees 
comprenant les 6tapes de : 

reception d'un message de puissance disponi- 
ble au niveau d'un recepteur (130) indiquant 

20 une puissance d'emission disponible future au 

niveau d'un emetteur, dans lequel le message 
de puissance disponible comporte un rapport 
pilote-iiaison ailer, le rapport pilote-liaison aller 
indiquant un rapport ou une fraction entre la 

25 puissance d'emission pilote et la puissance 

d'emission de liaison aller ; 
ex6cution d'une mesure de signal utile/signal 
brouilleurau niveau du r6cepteur(130) d'un si- 
gnal emis par l'6metteur ; et 

30 determination d'un debit de donnees (140) 

auquel le recepteur peut recevoir des donnees 
en utilisant la puissance d'emission disponible 
future et le rapport signal utile/signal brouilleur 
mesur6. 

35 

2. Proceed selon la revendication 1 , dans lequel le 
rapport pilote/liaison aller indique la puissance 
d'emission pilote actuelle et la puissance de liaison 
aller actuelle. 

40 

3. Precede selon la revendication 1 , dans lequel le 
rapport pilote/liaison aller indique la puissance 
d'emission pilote future et la puissance de liaison 
aller future. 

45 

4. Proced§ selon la revendication 1 , dans lequel le 
message de puissance disponible indique des ef- 
fets Doppter associes au recepteur. 

so 5. Precede selon la revendication 1 , dans lequel le 
message de puissance disponible indique une fu- 
ture activity de donnees de I'emetteur. 

6. Precede selon la revendication 1, dans lequel le 
55 message de puissance disponible indique une fu- 
ture activite de donnees d'autres emetteurs. 

7. Precede selon la revendication 6, dans lequel I'eta- 
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pe de determination du debit de donnees comprend 
I'etape de prediction d'une mesure de signal utile/ 
signal brouitleur future en utilisant la future activite 
de donnees des autres emetteurs qui pourrait 
brouiller les transmissions de donnees de I'emet- 
teur. 

8. Procede selon la revendication 7, dans lequel le de- 
bit de donnees est base sur la mesure de signal uti- 
le/signal brouilleur future pr6dite. 

9. Procede selon la revendication 1 , dans lequel I'ela- 
pe de determination du debit de donnees comprend 
I'etape d'execution de mesures de signal utile/si- 
gnal brouilleur au niveau du recepteur pour des si- 
gnaux emis depuis d'autres emetteurs. 

10. Procede selon la revendication 9, dans lequel le de- 
bit de donnees est base sur les mesures de signal 
utile/signa! brouilleur des autres emetteurs. 

11. Proc6d6 de determination d'un debit de donn6es 
comprenant les etapes de : 

emission d'un message de puissance disponi- 
blevers un recepteur (120) indiquant une puis- 
sance d'emission disponible future au niveau 
d'un 6metteur, dans lequel ie message de puis- 
sance disponible comporte un rapport pilote- 
liaison aller, le rapport pilote-liaison aller indi- 
quant un rapport ou une fraction entre la puis- 
sance d'emission pilote et la puissance d'emis- 
sion de liaison aller ; et 

reception d'un message de debit de donnees 
emis par le r6cepteur (160) indiquant un debit 
de donnees auquel le r6cepteur peut recevoir 
des donn6es, dans lequel le debit de donnees 
est base sur une mesure de signal utile/signal 
brouilleur effectu6e au niveau du recepteur et 
le message de puissance disponible. 

12. Proc6de selon la revendication 11, dans lequel le 
message de puissance disponible est base sur des 
messages de commande de puissance. 

13. Proc6d6 selon la revendication 11, comprenant 
I'etape supplemental re d'ordon nan cement de 
transmissions de donnees en fonction du message 
de debit de donnees recu. 

14. Procede selon la revendication 11, comprenant 
I'etape supplemental de r6glage du debit de don- 
nees indique dans le message de debit de donnees 
recu. 

15. Precede selon la revendication 14, comprenant 
I'etape supplemental de transmission de donnees 
au recepteur au debit de donnees r6gl6. 



16. Procede selon la revendication 11, comprenant 
I'etape supplemental de transmission de donnees 
au recepteur au ou environ au debit de donn6es in- 
dique dans le message de debit de donnees recu. 

5 
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